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UN ITED STATES PATEWT OI‘FICE

WILLIAM SPEIBS SIMPSON A'N'D HOWARD OVIATT OF LONDON ENGLAND

METALLURGY OF IRON AND STEEL.

Toall 'whom it may: concem

Be it known that we,- WILLIAM SPrme

‘SIMPSON, a subject ‘of 'the King of Great

"' Britain, and Howarp -OviaTT, a citizen of

the United States of America, residing at

- London, England, have 1nvented certain

10

new and useful Improvements in the Metal-
lurgy of Tron and Steel, of which. thetfollow-
ing 1s a specification.

. This invention has for its ob]ect the - re-
duction of i iron oxids and the production of

. refined iron containing 99% and upward of

.-Fe, from vdrious ores in which iron ocecurs.
. as an oxid, or the production of steel of va-.

15.
* such . ores.

rious commercial qualities directly from
The method or process is-adapt-
able to any form of iren oxid capable of be-

_ing crushed or ground for mixing purposes

20.

as hereinafter set forth and is peculiarly
adapted to the economical treatment, of con-.
- centrates or of ores already existing in a

- state of fine division as natural products,

~.such as magnetic iron sands whether titanif-

.25

erous or otherwise. - -
In carrying out the. purposes of the in-

vention we prepare an ore-charge ‘by thor- |
| iferous ores, manganese dioxid, in the form

" oughly ml‘zlng any convenient quantlty of
“suttable iron ore which if not already in a

30

comparatively fine state of division has been

ground or pulverized, with a suitable quan-

tlty of a finely ground metallic chlorid such
the chlorid of sodium, or its equivalent,

b"such for example as the chlorid of potas-

| -sium,” calcium,

36

_ore under treatment.
_tions the chlorid of sodium is the more con-
venient and economical and the quantity re-.

40

rium or aluminium. The quantity of such

chlorid . required varying according to the

character thereof and the charactel of the
Under most condi-

- quired per ton of ore varies from 10%_ to

45

959 of the weight thereof, ores containing

a high. percentage of phosphorus or sulfur

requiring more of the metallic chlorid than
ores less impregnated with such impurities.
Such ore-charge must also be provided (if

) not already emshnd in adequate proportions
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in the ore) with a suitable. quantity .of silica
or silicious material and with an adequate
quantity of one or more of certain bases,
such as lime, magnesia and alumina, all

_ finely Ground and omploved in most cases in

65

proporhons representing about two parts of

silica to three parts of basic material which .

is usua]ly adequate to form a readily fusible
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| and hquld slag. and wh1ch may represent in

quantity from 15% to 30% of the weight of
the ore-charge. The proportions.of such

Elag composmcn may be varied so that it

may be rendered either. acid or-basic as:best

_suited. to. hearth: linings: or other’ cond1t1ons

present dullncr the ore treatment ,

The oxids of iron when; sub]eoted tor ade-
quate heat, out of the air, in the presence of
silica_and a metallic chlorid (such for ex-

metal without the émployment of carbona-
ceous reducing agents of any ‘kind. ..Under
suitable thermal conditions and in contact
with the oxids of iron and of 5111c1ous ma-

terial the constituents of.-various metallic -

chlorids are apparently dissociated - and
simultaneously metallic. iron is.: produced.
Thus with sodium. chlorid the. silicate of
soda is invariably formed and the synthesis
thereof seems to be an essential factor in the
whole operation. The results- obtained are

uniform and the whole process -is efficient
rapid and economical. It promises to be of

great commercial utility.. -
In some cases: especially in tr eatlng t1tan~

of manganese ore.or othermse,mav be added

to. the -ere-charge . and  thoroughly . mixed
“therewith ; the quantlty of such dioxid vary-

ing from two to six per cent. or upward of
the weight of the ore-charge, accordlng to
the character of the ore. .

If steel is to be produced dlrecﬂv from the
ore instead of iron it is necessary that ‘the
ore-charge should contain in addition to:the
substances hitherto mentioned and (if the
ore is titaniferous) including the manganese

dioxid, a suitable quantity. of a cqrburlzmd'

material either in finely divided form and
intimately mixed with the ore-charge or in
a less finely divided form and charged into
the hearth before placing the ore-charge
therein. Such carburizing material may

~eonsist of graphite (plnmb‘wo) or other

guitable carbon .such as a . pure form . of
ground -coke or anthracite coal and may be
so employed as to uniformly carburize the

steel to any desirable extent and at the will

of the operator. The quantity of carbon re-
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-ample as sodium chlorid) may be reduced to .
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quired may vary from one per cent. to three -

per cent. (or upward) of the weight of the

ore-charge; depending -upon the “character

of the steel to be produced and upon the
character of the carbon so employed.

Or in

110
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- the prepared ore-charge may be subjected to
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- until such surface is covered by the fused

30
- furnace wherein the ore charge ‘is heated
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“open furnace hearth until the necessary slag
covermg is formed, consists in spreading

0.
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- the contents of “the : ore-charge under

" oxidized at a stage of the process when the

" tion of the iron oxids and the agglomeration
_of the metallic particles. If, however, a

1is heated only from beneath no precautions

-such as coke-breeze or small coal, preferably
“anthracite, which under the high tempera-

bonaceous material may be mixed with the

Q’.

some cases the carburizing material may be
omitted from the ore charge in the first in-
stance and added thereto after the slag has
been formed and tapped off, in order to fa-
cilitate the melting of the iron and the car-
burization of the same. . _
The ore-charge having been prepared in
the manner hereinbefore described may be
placed .in any suitable vessel, retort or re-
ceptacle having a suitable refractory and
slag-resisting lining and then may be sub-
jected to heat, out of contact with air, in
any convenient manner or in any convenient
form of furnace wherein it is practicable to
create and maintain high temperatures such.
as a heat equal to or somewhat higher than
the fusing point of pure iron or fine steel,
approximately 3000° F.-and upward. Or

the requisite heat in the open hearth of a
furnace such as Siemen’s regenerative fur-
nace, fired by ‘gas; provided however that
the surface of the ore-charge is protected
from atmospheric air and from the oxidiz-
ing influence of the flames or fumes_of the
furnace while working at high temperatures|

slag resulting from the operation as herein:

after mentioned. In practice, and espe- |

cially if employing a gas-fired open hearth

from above, the chief objects of the process
are either impaired or frustrated “unless

treatment - are - adequately protected from
oxidation, Otherwise much of theé reduced
metal while-still in specular form or in the
form of spongy or unfused iron, becomies re-

reducing conditions or agencies are spent.
It is requisite therefore that the surface and
the upper strata of the ore-charge shall be
protected from re-oxidation and the under-
lying -materials composing the charge he
kept from contact with air during the reduc-

furnace be employed wherein the ore charge -

against. re-oxidation of the reduced iron
are necessary. A convenient and efficient
method of protecting the ore-charge on the

over it a thin layer of carbonaceous material

ture of an oxidizing flame provides an at-
mosphere 0f CO at the surface of the ore-
charge and so employed does not affect the
underlying ore, or in some cases the car-.

upper strata of the ore charge. Far the’
reasons stated it is obvious that ordinary ajr-
blast smelting furnaces of all descriptions

~and all difficulties of re-oxidation are re-

‘desirable that when the molten iron or steel

-as_hereinbefore -specified, varies from three

may be brought together in the ore-charge

but an ore-charge may be prepared in the

1,081,950

are unsuitable for this process. The fur-
nace hearth should be made of or lined with

-a refractory material suitable for resisting

the action of erosive slags. In most cases a
chromite hearth or lining is efficient. In
connection with the latter we are able to
construct an open hearth furnace wherein
the ore charge may be adequately heated
either partly or altogether from uinderneath
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moved. o )
In treating ores containing a high per-
centage of phosphorus it is sometimes de-

. sirable to first subject the ore charge to a

moderate heat of about 1500° F. for the
space of cne or more hours and afterward to
apply the maximum heat to complete the op-
eration. , ,
- In commercial operation it is in some cases -
85

80

is tapped from the furnace there should be
allowed to remain upon the hearth from

10% to 25% of the molten metal resulting
from each operation, to. assist in retaining

the heat on the bottom of the hearth and also gq
to forin a bath of metal to receive each suc- -
ceeding ore-charge; thus rendering the proc-
ess a continuous one.

The time required for- the direct produc-
tion of malleable iron equal to the best re- 95-
fined iron and containing over 999 Fe or
the production of superior steel of any de- -
sired’ carbon. contents directly from the ore,
by means.of a Siemen’s open hearth furnace
) 100
hours for iron to.six hours for sieel ; depend-
ing upon the magnitude and composition of
the charge, the lining of the hearth and
somewhat upon the character of the iron -
oxid under treatment. 105

If it is required to produce steel contain-

ing various other metals desirable as alloys, -

a suitable mixture of ores contaihing the
metals required, in the desired proportions,
110
and the requisite steel alloy will in most =~
cases result from the one operation. Or
any_ desirable metalli¢ alloy may be added:
to the molten metal before or after tapping
a$ in ordinary open hearth practice. 115
Although it is usually desirable that the -
ore to be treated should be in a fine state of
division and alithough 'the best and most
economical . results "are obtained when all
substances contained .in the ore-charge have 190
been finely ground and brought into inti- .
mate contact each with the other before be-
ing subjected to heat, the application of this
process may not be entirely limited thereto;
125
manner hereinbefore indicated wherein part
ar all of the substances composing the same
may have beer only brought into.a state of
cemparatively sne division such as ores and

other substances which may not have been 130
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. ducing refined
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‘silica,
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crushed to unifori fineness or which may
not have been screened after crushing so that
some portions thereof may have been ren-
dered as fine as sand and other portions may
contain coarser grains or lumps of various
sizes. ]

It is to be understood that the term
“gilica ” in the claims is used broadly to in-
clude such silica or silicious material as may
oceur in or be native to the ore.

We claim, C

1. The herein described process of produc-
ing refined metallic iron from ores contain-
ing the oxids of iron, which consists in sub-
jecting an ore charge containing the ore
and suitable quantities of sodium chlorid
and silica in a fine state of division, to a
high degree of heat for a period sufficient to
effect the reduction of the iron oxids to me-
tailic iron. i

9. The herein described process of produc-
ing refined metallic iron from ores contain-
ings the oxids of iron. which consists in sub-
an ore charge containing the iron
ore and suitable quantities of sodium chlorid
and silica, to a high degree of heat in such
a manner as to exclude free access of air
for a period sufficient to effect the reduction
of the iron oxids to metallic iron.

3. An improvement in the art of reducing
ores containing the oxids of iron which in-
volves subjecting an ore charge containing
the iron ore and suitable quantities of so-
dium chlorid -and silica to heat of a tem-
perature equal to or greater than the fus-
ing point of pure iron and for a period
sufficient to reduce the oxids of iron to me-
tallic iron. . :

4. An improvement in the art of reducing
jron oxid ores which involves mixing an
ore charge containing the iron ore and suit-
able quantities of sodium chlorid and silica.
and subjecting the same to heat in an open
hearth furnace under a layer of carbona-
cecus material to exclude the free access of
air, for a period sufficient to effect the de-
sired result.

5. The herein described improvement in
the art of reducing ores containing oxids of
iron which consists in heating such ores
while excluding free access of air and while
in contact with a suitable chlorid such as the
chlorid of sodium mixed with silica to a
temperature equal to or greater than the fus-
ing point of pure iron and for a period of
time sufficient to reduce the oxids of iron
te metallic iron. '

6. The herein described process of pro-
metallic iron.from ores con-
taining oxids of iron which consists in sub-
jecting an ore charge containing the iron
ore. suitable quantities of sodium chlorid,
and a basic fluxing material in a state
of fine division, to heat while substantially
out of contact with air and of a temperature

equal to or greater than the fusing point of
pure iron fora period sufficient toreduce the
oxids of iron to refined metallic iron.

7. The herein described process of producQ -

ing refined metallic iron from titaniferous
iron oxid ores, which consist§ in subjecting’
an ore charge containing the ground or
finely divided ore, sodium chlorid, silica, a
basic material, and manganese dioxid, to

‘heat with exclusion of free access of air for

a period sufficient to effect the desired result,

8. An improvement in the art of produc-
ing refined iron from titaniferous oxid ores,
which consists in subjecting an ore charge
containing the ground ore, manganese di-
oxid, chlorid of sodium, silica and a basic
fluxing material, to a high degree of heat for
a period sufficient to effect the desired result.

9. The herein described process of produc-
ing refined metallic iron from iron oxid ores
containing sulfur or phosphorus, which con-
sists in subjecting an ore charge containing
the ground or finely divided ore mixed with
suitable quantities of sodium chlorid and
silica together with a basic material, pri-
marily to moderate heat and afterward to a
high heat in such a manner as to exclude
free access of air for a period sufficient to
effect the desired resuit. :

10. The herein described process of pro-
ducing steel directly from iron oxid ores,
which consists in subjecting an ore charge
containing iron ore and sodium . chlorid,
silica, basic fluxing materials and a suitable
carbonaceous. material to carburize the re-
duced metal to the desired degree, to a high
degree of heat while substantially out of
contact with air and for a period sufficient

to effect the desired result.

11. The herein described process of pro-
ducing steel directly from oxid iron ores,
which consists in subjecting an ore charge
containing the ground or finely divided ore

‘mixed with suitable quantities of sodium

chlorid, silica and a basic fluxing material,
together with manganese dioxid and carbo-
naceous material sufficient in quantity to car-
burize the reduced metal to the desired de-
gree, to heat with the exclusion of free ac-
cess of air for a period sufficient to effect the
desired result.

192. The herein described improvement in
the art of reducing iron exids without the
use of carbonaceous reducing agents which
consists in heating the oxids of iron sub-
stantially out of contact with air and in the
presence of the chlorid of sodium and silica
whereby the constituents of the metallic
chlorid are dissociated and simultaneously
metallic iron is produced. -

13. The herein described improvement in
the art of producing refined iron from iron
ores containing sulfur or phosphorus, which
consists in dissociating, under suitable ther-
mal conditions, the constituents of sodium
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chlorid in the presence of iron oxids and | cess of air thereby allowing the liberated
silica, and thereby allowing the liberated | chlorin to act as a dephosphorizing and de-
chlorin to act as a dephosphorizing and de- | sulfurizing agent.

sulfurizing agent. . In testimony whereof we have hereunto 15
14. The herein described improvement in l set our hands in presence of two subscribing

the art of producing refined iron from iron | witnesses.

ores containing sulfur or phosphorus, which WILLIAM SPEIRS SIMPSON.

consists in intimately mixing the ore, with HOWARD OVIATT.

sodium chlorid and ‘silica and dissociating | Witnesses:

the constituents of the sodium chlorid, under Ricaarp Coxe GARDNER,

suitable thermal conditions without free ac- | - Harorp Coxe GiarDNER,

- Copies of this patent may be obtained for five cents each, by addressing the “ Commissioner of Patents,
Washington, D. ¢.”




